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BERLIN L-54 is similar to the Frankfurt installation shown on the cover. Motor-operated 
shield door seals the 5-foot-square horizontal thermal column. 


FOREWORD 


This brochure is based on Geneva Paper No. 1543, which was presented in Sep- 
tember 1958 at the Second United Nations International Conference on the Peaceful 
Uses of Atomic Energy. Some changes and additions have been made to include 
reactor developments through early 1959. Two sections have been added: experi- 
mental data acquired during recent operation of the L-77 Laboratory Reactor are 
included, and a summary of the Kinetic Experiment on Water Boilers (known as the 
KEWB Program) is given in the Development Program section. To supplement the 
technical descriptions provided by the text, the number of photographs has been 
greatly increased. 


COVER PHOTOS: Top photo shows the L-54 reactor in operation at the University of Frankfurt 
in Germany. The compact L-77 reactor in bottom photo is installed at Atomics International’s 
main plant in Canoga Park, California. The unit is used for research and for training AI and 
customer personnel. 


AQUEOUS HOMOGENEOUS RESEARCH REACTORS 


At the time of the first International Conference on the 
Peaceful Uses of Atomic Energy, there were four aqueous 
homogeneous research reactors in operation in the United 
States. These were the SUPO reactor at the Los Alamos 
Scientific Laboratory in New Mexico, the NCSC reactor at 
North Carolina State College, and the WBNS and L-3 
reactors in California. These reactors were described in the 
proceedings of the first International Conference. Since 
1955 there have been a number of aqueous homogeneous 
research reactors of improved design constructed and placed 
in operation. These designs and the associated experimental 
development work were carried out by Atomics International. 


The aqueous homogeneous, or solution-type, research 
reactor is of special interest because of its inherent safety 
characteristics. The large negative temperature and power 
coefficients of reactivity provide an effective shutdown 
mechanism should an otherwise uncontrolled power excur- 
sion develop. Fuel costs are minimized, and fuel additions 
in any predetermined amounts can be easily and safely 
made. Versatile experimental facilities can be inexpensively 
provided, including high-level gamma ray exposure facilities 
which are essentially free of neutrons. This type of reactor 
has a relatively low cost; a small operating staff is adequate 
to maintain the reactor with complete safety. 


Three Power Ranges 


The solution-type research reactors placed in operation 
during the past several years fall into three power-range 
categories. The largest is the L-54. It is designed to operate 
at 50 kw and has the advantages of a large graphite reflec- 
tor, both horizontal and vertical thermal columns, and 
gamma ray exposure facilities in its sub-pile area. An 
intermediate range reactor, designated the L-55, has been 
designed to operate at power levels up to 1.5 kw. Its most 
unique feature is a large vertical column, 512 feet square, 
which is especially useful for experimental work of the 
exponential type. The most compact unit, designated the 
L-77, is designed to operate at 10 watts and is intended 
primarily as a training facility. These reactors and their 
operating characteristics will be described further in the 
sections which follow. 


Fuel 


Despite the large variation in operating power, these 
reactors have several features in common. All of the three 
reactors described herein are designed to operate with a 
water solution of uranyl sulfate fuel. The sulfate is pre- 
ferred to the nitrate because greater radiation stability, 
smaller parasitic neutron absorption, and higher uranium 
concentrations are possible. The conversion to the uranyl 
sulfate fuel solution from the uranium hexafluoride is very 
carefully controlled to minimize impurities. Specified allow- 
able impurities based on the total uranium metal content 
are indicated in Table I. 


TABLE | Allowable Impurities 
| [1611 Ge ae oe a een meee beer Tene Serre less than 200 ppm 
ee ee eee lessthan 0.2 ppm 
1h) a OP ee Sep Renee ee tanec anes OmeeT lessthan 0.2 ppm 
12) | ie a OnE EMRE Peer SPE Ee lessthan 3 ppm 
er oe ee ene eee, Seamer n less than 5O ppm 
PS Screg epee ech less than 20 ppm 
hose es ace ek reese ales eran less than 50 ppm 
Total Gadolinium and Rare Earths ............ less than 50 ppm 
Total Halides (except fluorine) .................. lessthan 5 ppm 
PA co) cs temeieltaxesdhcpe cb caigaaigieaioianieaees lessthan 50 ppm 


Core Design 


The primary system of all solution-type reactors is fabri- 
cated from type 18-8 stainless steel (low-carbon or stabilized 
with columbium or titanium). All welding is accomplished 
by the shielded-arc tungsten-electrode method and con- 
trolled and inspected to precise procedures developed over 
the past ten years. Chemical cleaning, helium leak-checking 
with a mass spectrometer, and pressure checking to 300 psi 
are also performed in accordance with rigid procedure. The 
completed system is capable of withstanding a hydrogen 
and oxygen explosion without damage. In all cases the core 
vessels are spherical, assembled from two hemispheres, each 
spun from a 0.093-inch stainless steel sheet. The spinning 
process reduces the core vessel wall thickness to a minimum 
of 0.068 inch. Before the two hemispheres are welded 
together, they are annealed and cold sized. Other similarities 
in design will be apparent from the following descriptions of 
each reactor. 


The L-8 reactor was designed and built for the Armour 
Research Foundation in Chicago, Illinois. It was installed 
and started up in 1956 and was originally authorized to 
operate at 10 kw. Operation at power levels up to 100 kw 
has been authorized, and a stepwise increase to this power 
level began early in 1959. 

At about the time the Armour reactor was completed, a 
second reactor of its type was being designed for the 
Japan Atomic Energy Research Institute. It was apparent 
that modifications would be necessary due to the limitation 
of using 20 per cent enriched uranium fuel. This revised 
design became known as the L-54 reactor. The Japan 
L-54, or JRR-1, was installed and first operated in the 
summer of 1957. It has been operated at a maximum power 
level of 62 kw. Similar reactor installations were recently 
completed in Frankfurt and Berlin, Germany. A picture 
of the Frankfurt reactor installation is shown on the cover. 
This reactor has been operating at the design power of 50 


INSTALLATION OF ARMOUR REACTOR before 5% -foot- 
thick concrete biological shield is poured showing location of 
the various experimental thimbles. The completed reactor is 
illustrated on page 8. 


kw. Another L-54 is being installed in Milan, Italy. The 
sub-pile area for the Milan reactor has been redesigned to 
isolate the various components from each other so that 
replacement or repair, if necessary, will be more easily 
accomplished. Other design changes have also been made to 
improve the usefulness and operability of the reactor, and 
will be described in greater detail in the following pages. 


L-54 Design 


A detailed study of the Armour reactor core, which is 
sized to utilize 90 per cent enriched uranium fuel, indicated 
that, if the uranium were enriched to only 19 or 20 per cent 
in the U~ isotope, the core volume would have to be 
increased. The Armour core consists of a 12%2-inch- 
diameter sphere, containing approximately 12 liters of fuel 
solution with silightly more than 100 grams of total uranium 
per liter. The design for 20 per cent enriched fuel provides 


a fuel-solution volume of approximately 2614 liters contain- 
ing approximately 250 grams total uranium per liter. This 
solution concentration is well below the concentration (400- 
700 gms/liter) which might permit the formation of insolu- 
ble uranyl peroxide during reactor operation and results 
in a near optimum hydrogen-to-uranium ratio. In other 
essential respects, the cores for use with 90 and 20 per cent 
enriched fuels are the same. Heat is removed during opera- 
tion by circulating distilled water through %4-inch cooling 
coils spaced equally throughout the core volume. The four 
vertical re-entrant control rod thimbles are located equidis- 
tant from each other on a 6-inch diameter circle. Immedi- 
ately above the core vessel is an overflow chamber designed 
to retain temporarily any fuel solution which might be 
expelled from the core during a severe reactor transient. A 
cutaway view of the reactor core showing the internal cool- 
ing coils, control-rod sleeves, and overflow chamber is 
shown in Figure 1. 


One of the most important considerations in designing the 
fuel and gas containing system for a reactor of this type 
and power level is to devise a reliable method for recom- 
bining the gases which are released due to the radiolytic 
decomposition of water in the fuel solution. Over 10 liters 
of hydrogen and oxygen gases are released per minute when 
the reactor is operating at 50 kw. 


Wet Type Gas Handling System 


An assembly which has become known as the Wet Type 
Gas Handling System (WTGHS) was developed and is 
shown schematically in Figure 2. Flow through the system 
is maintained by a canned rotor pump, which forces water 
through an exhauster causing an oxygen sweep-gas to flow 
through a catalyst chamber of platinized alumina pellets, 
then up to the region immediately above the fuel solution 
where it thoroughly mixes with the evolving hydrogen and 
oxygen, and finally back to the catalyst bed where the 
hydrogen and oxygen are recombined. The excess water 
thereby formed in the recombiner passes over a level- 
regulating device and is carried back to the core by the 
sweep-gas. 


Sub-Pile Room 


The gas recombiner, cooling system, fuel-drain tank, 
piping, and valves are all located in a steel-lined room below 
the reactor called the sub-pile room. During the early design 
phase of the L-8 and L-54 type reactors, it was believed that 
the primary system could be decontaminated if necessary 
for the repair or replacement of any of these components. 
However, it has since been found very difficult to obtain 
adequate decontamination, particularly of the platinized 
aluminum oxide catalyst, and repair or replacement of 
components is quite time-consuming. Therefore, the sub-pile 
area was completely redesigned for the L-54 Milan reactor. 
The gas recombiner and gamma ray exposure facilities were 
located in a separate compartment. The canned rotor pump, 
fuel-drain tank, valves, pressure transducers, gas flowmeter, 
catalyst heater, and thermocouples are all located in or 
extend into the adjacent area, and are readily accessible for 
replacement from the adjacent area. The canned rotor 
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Figure 1. L-54 Reactor Core and Overflow Chamber 


GRAPHITE REFLECTOR SURROUNDS L-54 CORE. After 
graphite logs are stacked, core is inverted and contained in an 
aluminum secondary enclosure. 
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pump, which also becomes quite radioactive due to the required. The new arrangement of the sub-pile area is 


accumulation of fission products on its inside surfaces, was shown in plan view in Figure 3. Section and plan views of 
isolated from the other equipment by lead shielding blocks. the reactor are shown in Figures 4 and 5. In all other 
If necessary, most of these components may be removed important respects, the Milan reactor is identical to the 
with little or no decontamination of the primary system previous L-54’s installed in Japan and Germany. 
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Figure 2. Wet Type Gas Handling System Flow Diagram 
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Reactor System Enclosures 


The steel-lined sub-pile room and an aluminum enclosure 
surrounding the stainless steel core and some of the reflec- 
tor graphite provide the secondary enclosure for the system. 
This enclosure is entered through a gas-tight door, which is 
normally closed and interlocked with the reactor control 
system. The door cannot be opened when the reactor is 
operating, nor can reactor operation be started or main- 
tained when the door is open. The reactor room shell 
becomes the tertiary enclosure and is usually designed to 
be gas tight to the extent of permitting 1 to 5 per cent 
volume leakage per day when the reactor is located in a 
densely populated area. It is designed so that all doors and 
ventilation ducts can be sealed off if an accident should 
occur which might release gaseous radioactive materials 
into the reactor room. 
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Experimental Facilities 
The experimental facilities located above the reactor room 
floor level include the following: 


One horizontal beam tube, 10.1 cm. diameter (15.2- 
cm. hole in shield) 


Two horizontal beam tubes, 10.1 cm diameter 
Four vertical beam tubes, 10.1 cm. diameter 
Two horizontal beam tubes, 7.16 cm. diameter 
One straight pneumatic tube, 5.1 cm. diameter 
One curved pneumatic tube, 3.8 cm. diameter 
One central exposure tube, 3.8 cm. diameter 


One horizontal thermal column, 1.52 m. square by 
1.60 m. long 


Two thermal-column access ports, 15.2 cm. diameter 
Two thermal-column access ports, 15.2 cm. square 


One vertical column, 1.37 m. diameter at its upper 
surface 


Figure 3. Revised Sub-Pile Room for the L-54 Milan Reactor Installation 
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Figure 4. L-54 Reactor, Sectional View 


Figure 5. L-54 Reactor, Plan View 
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Space for the second horizontal thermal column is initially 
filled with removable dense-concrete shielding blocks. 

In the sub-pile area, exposure facilities are designed to 
utilize the gamma rays emitted from the gas recombiner. 
This gamma source originates from the decay of gaseous 
fission products and is almost neutron free. Four 10.1-cm. 
diameter ports and one 15.2-cm. x 45.7-cm. rectangular 
gamma port extend into the region near the gas recombiner. 
For the Milan reactor, a special 3.7-cm. diameter sleeve 
extends through the gas recombiner and is expected to be 
in a gamma flux region of about 5 x 10° r/hr when the 
reactor is operating at a power level of 50 kw. 


Control and Instrumentation 


There are no particularly unique features in the electronic 
control and safety systems of this type reactor. Indicating 
and control systems for temperature, pressure, and flow; 
radiation monitoring units; and regulating equipment for 
reactor safety, control, and automatic power are mounted 
in the control console. The control room is situated adjacent 
to the reactor. The reactor safety and control channels 
receive signals from two fission chambers, one uncompen- 
sated and two compensated ion chambers. A typical L-54 
control console is illustrated below. 


L-54 REACTOR CONTROL CONSOLE features clean, well- 
organized arrangement of instruments. 


Four control-safety rods, each controlling approximately 
1.9 per cent reactivity, fall into the reactor by gravity when 
the electromagnets holding them are de-energized by any 
of a number of scram signals. The rod drive units are of 
the rack-and-pinion type and are neatly compacted and 
housed above the reactor shield. 


Si 
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Operation 


The Armour reactor has been in operation since the first 
part of 1957. As of early 1959, the unit had accumulated 
approximately 15,000 kilowatt hours. Details of the opera- 
tional experience with the Armour reactor are reported 


COMPLETED ARMOUR REACTOR is operated from control 
room (visible at upper right). Note control-rod drive unit above 


reactor housing. 
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Figure 6. Oxygen Pressure Change Versus Operation of the 
Japan L-54, JRR-1 


more fully in a separate paper included in the proceedings 
of the Second International Conference. * 


Performance of the L-54 installed in Japan has been 
very satisfactory. Power levels up to 62 kw have been 
obtained with all components functioning as designed. Dur- 
ing initial power runs, an unexplained decrease in oxygen 
pressure was noticed. Subsequent review of the data indi- 
cates that the oxygen loss may have been due to incomplete 
oxidation of the uranium from the plus 4 to the plus 6 
valence state during preparation. The uranium in the core 
could then have been completely oxidized to the plus 6 
state by the radiolytic oxygen generated during power opera- 
tion, thus causing the loss in pressure. When the oxidation 
was complete, no further pressure loss occurred, as shown 
in Figure 6. 


Figure 7. Thermal Neutron Flux Distribution—L-54 Reactor 


Reactor Physics 

The physics of the L-8 and L-54 systems are not directly 
comparable because of the change in core size and the 
superior gross reflector properties obtained in the L-54 
design. The correlation of the experimental data by group 
diffusion and perturbation theory has not been satisfactory. 
It is felt that this is due primarily to the complex reflector 
geometry of this type reactor. As is mentioned later, 
theoretical correlation of experimental data on the more si er PRIGHT PNEUMATIC TUBE 
simple geometries is much more satisfactory. Table II is a 
comparative tabulation of the physics of the L-8 and L-54 
systems. 


NORMALIZED FLUX 


Initial measurements of the thermal neutron flux in the 
L-54 reactor indicate that the level remains high through- 
out the graphite reflector. Measurements of the flux through 
the central exposure tube, 2-inch straight pneumatic tube, DISTANCE FROM CORE CENTERLINE-(cm) 


*See Bibliography 


and the horizontal thermal column are presented in Figures 
7 and 8. All flux data have been normalized to one (1) at 
the core center. Preliminary absolute flux measurements 
indicate the center core thermal flux is 1.3 x 10” at 50 kw 
reactor power. 

The control rods of the L-54 reactor were determined to 
have an individual reactivity worth of approximately 1.9 
per cent. This is about 30 per cent higher than that pre- 
dicted by simple perturbation theory. Theory also predicts 
large positive shadowing effects among the various rods, 
although no large effects have been detected experimentally. 
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TABLE II 
L-8 L-54 
Core Diameter, inches ................ 13 | Eas a fe 
Fuel: Enrichment .--.2:--esetnacliciss 88.14 19.91 


Solution Volume at Critical, 


TERT SS A esisace no sacta gin aloe eee 11.92 24.36 
Critical Mass, ens. Ubu 1,218 biz 
Solution Density, gms/cm?’ .......... 1.21 1.33 
Temperature Coefficient, %/°C.. — 0.024 —().04* 
Mass Coefficient, %/gm U” ...... ~0.015 0.0195* 
Water Coefficient, %/gm ............ 0.0013 ~0 
Be RIG aoe cg eet ee stecctcaes ~235 ~490 
Control Rod Worth, Each, % .... ~1.7 ~1.9 


*Based on listed rod worth 


Figure 8. Thermal Neutron Flux Distribution Through L-54 
Horizontal Thermal Column 


The second type aqueous homogeneous reactor, differ- 
ing markedly from the 50 kw unit previously described, is 
the L-55. This reactor is rated for operation to power levels 
of 1500 watts. Two reactors of this type, differing primarily 
in the geometric arrangement of the concrete shielding, 
have been constructed and are in operation. One unit is 
operated by Atomics International and is located at its field 
laboratory in Santa Susana, California; the other unit, 
DR-1, was installed in the Danish Atomic Energy Commis- 
sion laboratory at Ris¢, Denmark. 


AE-6 Reactor 


The AE-6 was originally the 5-watt WBNS reactor which 
was in operation at North American Aviation’s Downey 
plant from 1952 to 1956. After the unit was moved to its 
present site near Santa Susana, California, the power level 
was raised to 2000 watts by adding a cooling system. It was 
also provided with a closed system vapor-pressure recom- 
biner. The AE-6 (also termed the L-6) achieved criticality 
in November 1956, and has been used chiefly for conduct- 
ing exponential experiments. A variety of moderators and 
fuel elements has been tested. Power levels as high as 
5 kw have been successfully maintained for short periods. 


L-55 REACTOR INSTALLATION IN DENMARK utilizes a 
46-inch-thick concrete shield to enclose the core, reflector, and 
recombiner assembly. The motorized door seals the recombiner 
vault. 


L-55 Design 


The reactor core vessel is a 1214-inch-diameter sphere 
constructed of type 347 stainless steel. It is embedded in a 
right circular cylinder of reactor-grade graphite, 5 feet in 
diameter by 54 inches high. At the rated power level, the 
core is adequate for fuel of 20 as well as 90 per cent 
enrichment in U**. The gas recombiner, described in the 
following paragraph, is located outside and adjacent to the 
5-foot-diameter reflector tank which encloses the graphite. 
The recombiner is connected to the core by a 2-inch line. 
The core, recombiner, and associated piping constitute the 
primary system. It is all welded except for one stainless 
steel ring-joint flange, which allows convenient disassembly 
for shipping. During operation at power, the core tempera- 
ture is maintained constant by a cooling system circulating 
distilled water. The water discharges the heat picked up in 
the core to a secondary cooler for eventual dissipation to 
either the atmosphere or to another cooling-water system. 
The entire core, reflector, and recombiner assembly is com- 
pletely enclosed by a 46-inch-thick octagonal heavy-concrete 
shield. Figure 9 indicates the general orientation of the 
various reactor components as installed. Figure 10 pro- 
vides details of the reactor core assembly. 
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Figure 9. L-55 Reactor Installation 


Vapor-Pressure Recombiner 


The L-55 reactor utilizes a recombiner of the vapor- 
pressure type. This type completely contains all the fission 
gases, is extremely simple, and requires no moving parts 
for its operation. The unit relies upon a low total system 
pressure of the order of 22 cm. Hg abs. for most efficient 
operation but will operate reliably up to 15 cm. Hg abs. 
Radiolytic gases are conducted from the core at a rate of 
approximately 0.2 liters/min/kw through the 2-inch line 
connecting the top of the core vessel to the recombiner 
tank; here the gases impinge upon a platinized aluminum 
oxide catalyst and are recombined. Cooling coils located 
within the recombiner condense the water vapor; the con- 
densate returns to the core by gravity drain. The recombi- 
nation process automatically establishes a pressure differ- 
ential between the core and the recombiner, ensuring the 
transfer of gases to the catalyst bed. Laboratory and opera- 
tional experience has conclusively demonstrated that no 
danger exists from hydrogen-oxygen explosions as long as 
low system pressures are maintained. 
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Control and Instrumentation 


The instrumentation and control system is conventional 
in every respect and consists of proven components. The 
neutron flux is monitored by four channels. One consists 
of a fission chamber monitoring to three decades above 
source level and reading out on a log-count rate meter; two 
channels monitor from just above source level to full power 
using compensated ionization chambers driving linear and 
log micro-microammeters; a fourth channel uses an uncom- 
pensated ionization chamber reading out on a microamp 
movement meter relay unit. Additional instrumentation 
monitors the temperature and pressure at various points 
and provides information on fuel-solution level. All instru- 
ments are mounted at the control console. 

Reactivity is controlled by four horizontal control rods 
moving tangentially to the outside of the core vessel. One 
is on each side and the other two immediately underneath. 
The rods are driven by reversible electric motors. Two of 
the rods are designated as safety rods and are designed to 
decouple from the drive assembly by means of an electro- 
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MECHANICAL TEST of L-55 horizontal control-rod drive 
assembly and alignment with core reflector tank prior to 
shipment. 
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magnet. The two safety rods are driven to the “in” position 
by gravity weights located in wells under the drive assem- 
bly. The four rods are simihar in construction. The neutron 
absorbing section consists of a flat stainless steel tube 50 
inches long with a cross section of 334 inches by % inch. 
Each tube is filled with one kilogram of compacted boron 
carbide powder. The two safety rods are provided only 
with “in” and “out” light indicators. The other two units, 
designated as the shim and regulating rods, are provided 
with selsyn transmitters furnishing remote rod-position indi- 
cation at the reactor control console. 


Experimental Facilities 


The reactor core is accessible for experimental purposes 
through a 1-inch-diameter exposure tube which penetrates 
the central region of the core. In addition, the 4-inch-square 
graphite stringers adjacent to the core can be removed from 
the reflector tank. The stringers are in the fourth, sixth, 
eighth and tenth graphite layers. In the sixth and eighth 
layers, the stringers can be remove 1 from both sides of the 
reflector tank, making four through-holes available. Above 
the core, the top-shield concrete plugs can be removed and 
the resultant void space stacked with graphite, making 
available a 512-foot-square vertical thermal column. With 
this thermal column, the reactor has adequate capacity to 
drive a normal exponential experiment. 


Operation and Reactor Physics 


The present AE-6 operated by Atomics International went 
critical in November 1956. The critical mass with 93 per 
cent enriched fuel was determined by multiplication meas- 
urements to be 756 grams U™ with a total of 12.45 liters 
of core solution. In August 1957 the L-55 reactor located 
in Denmark commenced operation. The critical mass of this 
unit, fueled with 19.90 per cent enriched uranium, is 984 
grams U* in 13.05 liters of core solution. During critical 
assembly, loading of the reactor core with highly enriched 
material involves only small changes in core volume, 
whereas loading with 20 per cent enriched material involves 
large changes. The influence of this on the inverse multipli- 
cation vs. mass curve is shown in Figure 11. The distinct 
departure from linearity for the lower enrichment can be 
explained by the larger geometric buckling change as the 
critical experiment progressed. A summary of the core 
solution composition at critical for each reactor is given 
in Table III. 


TABLE III 
CORE SOLUTION COMPOSITION 
Reactor Reactor 
Using Using 
93% 19.90% 
Enriched Enriched 
Fuel Fuel 
BY RI AMS Gacedtenn tui coed G10: Sotelo 984 
| 9 of pe DY 6: ee EY 3,962 
Fs Oy BEAMS |) hekeavaveeeveoiisuceck 2 a ae 404 
RTOS Og! GNIS § ol ehh arene cskn hasseetnecs ye. 7,614 
PEs ON SG ATS 25 fee ckoe toc voted eee aeen (DA, 12,712 
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e-= 93% ENRICHED FUEL LOADING. INITIAL 
SOLUTION VOLUME = 82% OF 
CRITICAL VOLUME 

19.9% ENRICHED FUEL LOADING. INITIAL 
SOLUTION VOLUME = 20 % OF 
CRITICAL VOLUME 


NORMALIZED RECIPROCAL MULTIPLICATION 
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NORMALIZED CRITICAL MASS 


Figure 11. Inverse Multiplication Versus Mass Curves 


TANK ABOVE AE-6 REACTOR contains an organic mod- 
erator (diphenyl) in which rods of enriched uranium fuel are 
suspended. Graphite and both heavy- and light-water moderators 
have also been tested in exponential experiments. Door at left 
opens to radiation facilities. 


TABLE IV 
PHYSICS CONSTANTS 


L-55 Reactor Using 
19.90% Enriched Fuel 


AE-6 Reactor Using 
93% Enriched Fuel 


Critica tu iase” cesta Le T5600 i ee 984.4 
Solution. Vole. Cambie Crt 8 inno ioc cen veered event ecwnoner 12,440 oe 13,050 
Solution: Density, Oras AC un ose oeeccttc ccna en tandnnnne 13085... Soo eee 1.505 
Temperature Coemiciont, FoF Cole cis csowsenisndcsundessacsorionie ORT Oe Le ee —0:033 
se Else Gocco: of ine om at 0 hall © ng ne oan OAR ee eee 0.016 
Water Coefficient, % /gm HeO 1.0.2.2... csecseeeneeneeenceoee UA he Se Seder anest FL 0.0017 
H/U*" Atom Ratio ....... SRE ME EE I he Cee ee BB tn i eS e mt" _, oie ere ee 318 
[CECI ar LIE ete leg a SS AT 6 a a OTe 35 ee eee graphite 
BIE Se EE fe (re ane <0 Sa en eee 2) | Si a ren ane ~1.0 
Resonafice Escape: Probability™ o.oo. eciscwcccecsesscedetededsoccnees > [| Sa are eer Sennen anah eens 0.946 
TCH iyd lh, METER PCN arte sx cae gece ee vie boned vos OG fee. 0.83 


* Calculated 


For all enrichments, the experimental critical mass agreed 
within approximately 5 per cent with that calculated using 
two-group diffusion theory and fitted group constants. A 
typical flux distribution through the core and reflector is 
shown in Figure 12. Measurement of the maximum thermal 
flux in the reactor fueled with the 93 per cent enriched 
material yields a value of approximately 7 x 10” 
neutrons/cm’*-sec at 1500 watts. The flux in similar reactors 
of different enrichments is inversely proportional to the 
mass of U™ present. The gamma intensity in the core dur- 
ing operation is greater than 10° r/hr. 

A summary of the various physics parameters associated 
with the reactor is listed in Table IV, for both 93 and 
19.90 per cent enriched fuel. 


THROUGH CENTRAL 
EXPOSURE TUBE 


NORMALIZED FLUX 


Differences in the values can be satisfactorily correlated 
with the difference in fuel enrichment. 

The reactivity worths of the control rods have been 
measured to be approximately 1.5 per cent in the reactor 
fueled with 19.9 per cent enriched material. Values of rod 
worth calculated by perturbation theory satisfactorily check 
the experimental numbers for the case of the higher enrich- 
ment, but consistently underestimate the worth of the rods 
for the 19.90 per cent enriched case. Underestimation of 
rod worth through perturbation theory is unusual; normally, 0 S lo IS 20 
this theoretical procedure overestimates the reactivity con- DISTANCE FROM CENTER OF CORE (inches) 
trolled by a poison rod. 

In use, the L-55 reactor system has proven to be depend- 
able and simple to operate, requiring a minimum permanent 
staff of only one operator and a part-time electronics tech- 
nician. The reactor can be readily started up or shut down 
without regard to the past operating history. Power levels 
from a fraction of a watt up to 1500 watts can be adequately 
controlled by the automatic control system with a precision 
approaching one per cent. The fluxes are sufficiently high 
to permit a wide variety of experimental work, yet are not 
so high as to require elaborate and extensive handling 
systems. 


THROUGH STRINGER | >" 


POSITION SIX 


Figure 12. L-6 Reactor Thermal Flux Distribution, 93% 
Enriched Fuel 
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The 10-watt reactor was developed to fulfill the need 


for a low-power, extremely safe reactor intended primarily 
for training technical personnel in the field of nuclear 
engineering. It is equally desirable that the reactor possess 
sufficient flexibility to be useful as a low-flux research tool. 
These restrictions dictate a reactor of minimum size—one 
that can be readily transported and easily installed in exist- 
ing buildings. It should require a minimum of maintenance, 
be operable by a small staff of limited experience, and, 
above all, be a reactor of demonstrated safety. 


L-77 Design 


Initial work on the Laboratory Reactor was started in 
late 1956. The inherent safety characteristics of the solution- 
type reactor, as demonstrated in the KEWB experiments, 
led to the selection of this type for a training reactor. The 
vapor-pressure recombiner, previously described, was 
selected for use in this unit because (1) it features extreme 
simplicity, and (2) it operates under those conditions (low 
core pressure) which correspond to greatest safety. 

The design of the prototype, model L-47, is shown in 
Figure 13. The core consisted of a 12!2-inch-diameter 
sphere on which was located a canopy assembly containing 
the recombiner. The entire unit was surrounded by a 6-inch 
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L-77 SHIELD LINERS AND REACTOR TANKS during 
assembly operation at one of Atomics International’s manufac- 
turing plants. 


thick, 3500-pound lead shield. To obtain adequate neutron 
shielding during operation, the entire core reflector assembly 
was supported in the middle of an 8-foot diameter by 8-foot 
high shield tank which was filled with water. 

The prototype reactor proved the feasibility and safety 
of operating the water-boiler-type core and vapor-pressure 
recombiner in close proximity to each other in the same 
vessel, the desirability of using lead within the reflector 
region, and the adaptability of the water-boiler core to this 
application. 

Utilizing the data obtained on this reactor, design was 
started in late 1957 on a production-type reactor possessing 
the requirements of a versatile training and educational 
tool. In addition to the requirements imposed on the pro- 
totype reactor, the production model was to be made suit- 
able for use with fuel of 20 per cent enrichment or greater. 
The power level was increased to 10 watts. This reactor 
has been designated the L-77 Laboratory Reactor. 

Because of the use of 20 per cent enriched fuel, the core 
of the L-77 was increased to 1534 inches in diameter, the 
same size successfully used on the L-54 type reactor. This 
increase in core size was considered necessary for this 
reactor but not the 1500-watt L-55 because of the poorer 
neutron properties of the L-77 reflector. The location of the 
recombiner assembly in the canopy above the fuel solution 
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Figure 13. L-47 Reactor 


was retained, as were the five experimental through-tubes 
in the core, these having proved extremely useful during 
the L-47 experimental program. A cutaway model of the 
L-77 core is shown in Figure 14 at left. 

The shield design was optimized to permit the operation 
of the reactor at a power level of 10 watts with low accom- 


panying radiation levels external to the reactor tank. The 
core is surrounded by a three-region composite shield assem- 


pales A bly. Figure 15 shows the L-77 solid shielding. The inner 
ries shield is composed of a mixture of pelletized lead and an 
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organic compound which is relatively stable to radiation. 
This inner region is a minimum of six inches thick and 
also serves as the primary core reflector. Completely sur- 
rounding the inner shield is an intermediate region, a mini- 
mum of two inches thick, composed of normal paraffin 
mixed with a soluble organic boron compound. A third 


HOLES (2) solid shield, composed of borated paraffin and pelletized 
AUXILIARY lead, encloses the inner and intermediate solid shields on 
FACILITIES (4) the sides and top. The core composite shield assembly is 
MAIN EXPOSURE 
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FILL & DRAIN LINE 
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L-77 REACTORS READY FOR CRATING receive final inspec- 
tion. Compact units, measuring approximately 7 feet high by 8 
feet in diameter, are easily installed in any standard laboratory. 


canned in a stainless steel vessel 43 inches in diameter and 
56 inches high. 

The entire core-shield assembly is contained in an 8-foot- 
diameter by 7-foot-high outer shield tank, which is filled 
with normal water. Access to the experimental facilities is 
from outside the reactor tank after unlocking and removing 
the shield plugs provided. The experimental facilities are: 


1.37 in. (3.48 cm.) I.D. 
0.75 “in. (1:90 em.) LD. 


One main exposure tube ........ 
Four auxiliary exposure tubes 


Two beam tubes ...........--0:e-2-+----- 1.875 in. (4.75 cm.) ID. 
Two spare instrumentation 
Pen lee i le tee Ne ee et a A 7 Oem. Eee 


0.15 in. (0.38 cm.) I.D. 


One radioactive gas tube ........ 
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Reactor power is monitored from source level to full 
power, a range of approximately five decades, by two neu- 
tron channels. Both channels utilize uncompensated ioniza- 
tion chambers (located under the reactor core within the 
pelletized lead-organic shield) to drive micro- 
microammeters located on the control console. One micro- 
microammeter furnishes a linear readout of reactor power; 
the other, the log of power and its derivative, or period. 


Additional instrumentation indicates rod position, tempera- 
ture, and pressure. An annunciator furnishes information 
on the cause of all reactor shutdowns. The operating con- 
trols are grouped conveniently on the turret immediately 
in front of the operator. 
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Figure 15. L-77 Reactor Solid Shielding 


L-77 CONTROL CONSOLE is simple and designed for one- 
man operation. Operator is using toggle switch to position con- 


trol rod. 


CONTROL ROD 
THIMBLE (2) 


FILL & DRAIN TUBE 


RECOMBINER 


CANOPY 


REGURGITATOR 


INSTRUMENTATION 
THIMBLE (4) 


19 


-77 Operation 


The L-77 was first placed in operation by Atomics Inter- 
national at Canoga Park, California, in May 1958. Critical 
assemblies with 20 per cent and 90 per cent enriched fuels 
have been performed. These data are summarized in Table 
V. It was originally anticipated that the L-77 installed at 
AI would be used primarily as a demonstration and train- 
ing aid. Subsequently, the excellent long-term stability 
during operation, the fine sensitivity for danger-coefficient 
measurements, and the extreme ease with which experiments 
can be inserted into the reactor have made the L-77 very 
valuable within the company’s general research and devel- 
opment program. Experiments in direct support of the 
power reactor program, such as the measurement of gas 
absorption within graphite, have been performed simply 
and inexpensively. A continually increasing volume of work 


INSTALLATION OF L-77 CORE AND SOLID SHIELD 
ASSEMBLY requires precision welding. Projecting at top left 
is the tube which will contain the source; control-rod sleeves 
are at top right. 
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is being programmed for the reactor, greatly reducing the 
workload at other facilities. 


TABLE V 
Enrichment, % 
20 90 
Critical Mase UP". ems ¢0.-e S  eO 
Fuel Solution Volume, liters: ccc.chccc. ed PD rele 
Mass Coeiiicient,’%7oms Ur" nck 20). ae OSS 
Water Coefficient, % /ems HO «© .<ccc25-.0s<0002- 0004... 0s-cec-0e.. 0003 
Temperature Coefficient, 7/ °C <...-i1-. 026.22. i.041 = 032 


V—DEVELOPMENT PROGRAM _ 


The development of components and information per- 
taining to aqueous solution-type research reactors has been 
a continuing program at Atomics International since early 
1952. Major work has been concentrated in those areas 
in which prior work with aqueous homogeneous reactors 
had indicated major deficiencies existed. These include the 
gas handling system, fuel stability, and corrosion. In addi- 
tion, a study of the inherent safety characteristics of 
solution-type reactors has been conducted under the KEWB 
Program (described on page 25). 


Gas Handling Systems 


Work at Atomics International was initially directed 
towards the development of a gas handling system capable 
of operation at reactor powers of 50 kw or above. Earlier 
gas handling systems had all operated on the “dry cycle,” 
some of which required the undesirable periodic release 
of gaseous activity from the system. In addition, a gas 
blower was necessary in the dry system, and difficulties had 
been encountered in maintaining good seals or in develop- 
ing a hermetically sealed blower with a long expected 
life. Such a system was not considered suitable for a reactor 
located in a populated area. 


KEWB INSTRUMENTATION is extensive. Monitoring instru- 
ments occupy the three panels at right. 


The Wet Type Gas Handling System (WITGHS) was 
developed, eliminating the necessity of discharging radio- 
active gases from the system. It automatically maintains 
the system water balance between the recombiner and core, 
and cools the circulating pump and catalyst bed. The 
WTGHS consists basically of a tank containing approxi- 
mately 12 liters of distilled water in which is located a 
submerged catalyst bed. Water is circulated from the recom- 
biner tank sump in a closed cycle through a heat exchanger, 
the pump, a gas ejector (by which the pressure differential 
for circulating the gases is established), and back to the 
recombiner sump. Cooling water, circulated through the 
secondary side of the heat exchanger, removes the heat 
generated by the pump and the recombination of the radio- 
lytic gases. The radiolytic gases, in a carrier stream of 
oxygen, are pulled from the core by the water ejector, and 
are discharged to the space above the water level in the 
recombiner tank. From here, the gases are drawn through 
an entrainment eliminator, the catalyst bed, and thence 
back to the core. Excess water in the recombiner sump, due 
to recombination of the hydrogen and oxygen, flows over 
a weir from which it is picked up by the gases returning 
to the core. A sketch of a typical mechanical arrangement 
of the recombiner system is shown in Figure 16. 
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Figure 16. Recombiner System, Japan L-54 
Reactor Installation 
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The upper limit of operation of the WITGHS is set by 
the hydrogen concentration as determined by the diluent 
gas-volume flow rate and the amount of water vapor con- 
tained therein. A hydrogen-oxygen system becomes flam- 
mable at approximately 4.5 per cent hydrogen; for 
detonation, approximately 15 per cent hydrogen is neces- 
sary. Measurement of the hydrogen concentration in the 
operating WIGHS shows a maximum level of approxi- 
mately 6 per cent entering the catalyst bed and 1.5 per cent 
leaving. The above figures are based on a gas generation 
rate at 50 kw for a reactor operating on fully enriched fuel. 
For reactors utilizing 20 per cent enriched fuel, the gas 
generation rates are approximately 30 per cent less, thereby 
permitting the recombination system to operate at higher 
equivalent reactor powers. A series of test runs has been 
performed on a development WTGHS recombiner unit in 
which stoichiometric mixtures of hydrogen and oxygen were 
charged to the system. Only mild explosions or flashbacks 
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were audible with a corresponding maximum recorded 
pressure of 22 psi. Most of the explosions originated at the 
catalyst bed, in which case the entrainment eliminator and 
large recombiner tank volume effectively prevent flashbacks 
into the region above the core. During operation, the recom- 
biner system automatically transfers back to the core any 
solids or fuel which may have been carried over due to 
entrainment. At 50 kw steady-state operation, the equilib- 
rium concentration of uranium in the recombiner sump 
water is well under 0.1 gram. 

Development tests of the WI'GHS were carried out to 
equivalent reactor powers of 120 kw (155 kw for reactors 
utilizing 20 per cent enriched fuel), and the system func- 
tioned normally in every respect. At present, five reactors 
employing the WI'GHS are operating satisfactorily, with 
two additional units scheduled to go into operation soon. 
Typical operating conditions at 50 kw are shown in Table 
VI. 


TABLE VI 
WTGHS Operating Conditions at 50 kw 
be Ife 8 GST S10 Me eh EINER aT es a amet tee alee aie er 2 7.6 
Recomibiner Pressure, DSi: saccvesdssdcheecsest ee tieneeevncwcnannestseeetece 12 
Recombiner Inlet Gas Temperature, °C. .........<2.2..-.-.-.--<<------- 50 
Recombiner Outlet Gas Temperature, °C ....................-...-.-.-- 36 
Catalyst) Bed Upper Temperature, °C ccc cisccccascvicesecneconenvenace 240 
Catalyst Bed Center Temperature, ~C oo. onesciec os. nec ececc ees. 270 
Catalyst Bed Gas Outlet Temperature, °C .................222...--- 170 
Recombiner Tank Gas Temperature, °C .................-.-ssceeeeseoes 33 
Recombiner Tank Water Temperature, °C -2......2:.00:.:010..-..00.. 27 


A second type of recombiner developed by Atomics 
International, using the same platinized aluminum oxide 
catalyst but operating on a different principle, is satisfactory 
for use on solution-type reactors operating at somewhat 
lower power levels than the L-54. This unit, called the 
vapor-pressure recombiner, has been previously described. 
Laboratory tests conducted on this recombiner system have 
demonstrated that no explosion danger exists from the 
stoichiometric hydrogen-oxygen mixture, particularly when 
the total system pressure is maintained at only 1-2 psia, as 
is customary. 

In a series of tests, a number of capsules were prepared 
by evacuation and filling with stoichiometric mixtures of 
hydrogen and oxygen. In summarizing the results of these 
tests, the following points should be noted: 

a) In the absence of a radiation field, it appears that only 
an active dry catalyst (such as platinum) can cause 
ignition of a stoichiometric hydrogen-oxygen mixture. 

b) Even a dry platinum catalyst (at up to 100°C initial 
temperature) cannot cause ignition if the system pres- 
sure is below 10 inches Hg abs. 

c) A high gamma field (about 10° r/hr) not only failed 
to ignite the gas mixture, but did not produce an 
increase in the recombination rate. 

Apparently a threshold pressure exists for the combina- 
tion of hydrogen-oxygen mixtures. A capsule containing a 
glowing filament was filled with different initial quantities 
of hydrogen and oxygen. It was found that, below approxi- 
mately 2-3 inches Hg abs., there was no detectable ignition 
or explosion. 

Laboratory experiments demonstrate that the capacity 
of the vapor-pressure recombiner system is limited only by 
the size of the catalyst bed and the heat-removal capacity. 
The unit installed on the L-55 reactor has a 1400-gram 
catalyst bed and has been operated in the laboratory to 
equivalent reactor powers exceding 10 kw. Power level was 
limited to this figure due to the heat-removal capacity which 
resulted in a high system pressure. 

The vapor-pressure recombiner installed in the L-77 
reactor, containing 80 grams of catalyst pellets, has similarly 
been laboratory tested to the equivalent of 400 watts reactor 
power. Because of the low reactor power, no cooling is 
provided other than that by natural radiation, conduction, 
and convection to the surrounding structure. 


Fuel Stability 


The operation of a low-temperature aqueous solution- 
type reactor core results in radiolysis of the water to give 
hydrogen and oxygen gases. One of the intermediate steps 
in the process involves the formation of hydrogen peroxide, 
which can react with the soluble uranyl] ion to give insoluble 
uranyl peroxide. Atomics International has investigated sev- 
eral aspects of the problem with a view toward reducing 
the equilibrium concentration of hydrogen peroxide in the 
fuel solution. Primary emphasis has been on the interrela- 
tion between hydrogen-peroxide concentration and reactor 
specific power, solution temperature, uranium concentra- 
tion, and catalytic effects. 

Results of this investigation indicate that the hydrogen 
peroxide concentration is proportional to specific power, 
inversely proportional to temperature, and a complex func- 
tion of uranium concentration and other catalytic effects. 
Temperature is found to decrease the hydrogen peroxide 
concentration by a factor of approximately 10 for every 
20°C rise in temperature. The effect of catalyst in the fuel 
solution is somewhat more complex. For instance, iron is 
known to have a catalytic effect on the decomposition of 
hydrogen peroxide, the magnitude depending upon the 
uranium concentration. A measurement of the decomposi- 
tion specific-reaction-rate constant at various uranium- and 
iron-catalyst concentrations is shown in Figure 17. It can 
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Figure 17. Hydrogen Peroxide Decomposition Specific Rate 
Constant 
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be seen that the rate constant is a maximum at a uranium 
concentration of approximately 300 grams/liter. Over the 
range of iron concentrations investigated (0-300 ppm), 
the catalytic effect had not saturated. Copper ion also has 
been used as a solution catalyst, but its effects are not so 
pronounced as that of iron. The presence of sulfuric acid 
also influences the rate constant considerably; the constant 
increases with increasing acid concentrations up to 0.5 M 
acid, and decreases beyond that concentration. 

The effect of high radiation intensities on catalyzing the 
decomposition of hydrogen peroxide is unknown. The cor- 
relation of the experimentally determined hydrogen peroxide 
rate constants with reactor power level and known solu- 
bility data has not been too satisfactory, the results always 
being conservative by a factor of 10 or better. For this 
reason, it is felt that radiation may play some part in estab- 
lishing the hydrogen peroxide equilibrium values. There 
has been no operating problem with uranyl peroxide precipi- 
tation in any of the reactors discussed here. 


Corrosion 


Extensive long-term corrosion tests have been conducted 
at Atomics International on various stainless steels of inter- 
est in the solution-type reactor program. These tests, 
coupled with information developed at Oak Ridge National 
Laboratory and other installations, conclusively demonstrate 
that corrosion of stainless steels by uranyl sulfate solutions 
at temperatures under 100°C is not a problem. 


Coupons of the following types of commercial stainless 
steels have been tested in baths of uranyl sulfate solutions 
up to 2.5 molar with 1.0 molar sulfuric acid added: 304 
(19% Cr, 10% Ni), 309s (23% Cr, 14% Ni), 310 
(25% Cr, 21% Ni), 316 (18% Cr, 12% Ni), 321 (19% 
Cr, 10% Ni, Ti), and 347 (19% Cr, 11% Ni, Cb). The 
average results are summarized in Table VII. 


Before being placed in the test baths, all coupons were 
pickled in a 1:1 HNO: solution containing 1.5 per cent 
hydrofluoric acid, followed by passivation in 1:1 HNO: and 
a distilled water rinse. As shown in Table VII, all corrosion 
rates were extremely low, never exceeding 0.2 mils/yr. 
Metallographic examination of the test coupons indicated 
no intergranular or pitting-type corrosion. 


Coupon surfaces were found to be free of discolorations 
or other unaccounted-for blemishes. Because the fuel used 
in these reactors originates as uranium hexafluoride, there 
has been some concern about excessive amounts of fluorides 
carrying through the chemical processing into the finished 
sulfate. Corrosion checking of coupons exposed in solu- 
tions with up to 50 ppm fluorine has indicated no acceler- 
ated corrosive action. Coupons containing sample welds 
have similarly been checked, and weight losses are consist- 
ent with the results reported for unwelded samples. 

After operation for three years, the primary system of 
the solution-type reactor at the Radiation Laboratory of the 
University of California was opened for inspection of the 
inside surfaces. Micro-techniques of chemical analysis were 
also utilized to analyze the fuel solution for corrosion prod- 
ucts, such as iron, chromium, and nickel. The ratio of these 
metals was found to correspond roughly to the composition 
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TABLE VII 


CORROSION TEST OF STAINLESS 
STEEL COUPONS 


Uranium 


ears Faneent Molarity Corrosion 

eel tration H2SO. Rate 
Type : sii mils/yr 

gms/liter 

304 270 05 .102 
309s 270 0.5 .043 
310 270 0.5 .043 
316 270 0.3 .102 
321 250 0.5 .165 
347 270 0.3 .086 
304 600 1.0 .178 
310 600 1.0 .074 
316 600 1.0 .130 
316 450 0.5 .097 
321 450 0.5 13 
347 450 0.5 .080 


THE 500-WATT L-3 REACTOR is shown during final check- 
out of control system. It has been operated by the University of 
California at Livermore for the U. S. AEC since 1953, and is 
used for training and research programs. 
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of the 18-8 stainless steel (type 316L). It was determined 
that a total of not more than 2 grams of stainless steel had 
been removed from the core vessel. This corresponds to an 
average corrosion rate of approximately 0.02 mils/yr, a 
factor of two less than the lowest laboratory results. Metal- 
lographic examination of the core vessel again showed no 
sign of intergranular or pitting type of attack. 

From experience at the Oak Ridge National Laboratory 
and the North Carolina State homogeneous reactor, it is 
known that the presence of chlorides in the fuel solution 
may, under certain conditions, sharply accelerate a local- 
ized or pitting-type attack. For this reason, it is recom- 
mended that the chloride concentration in the fuel solutions 
be maintained under 5 ppm. Under these conditions it is 
believed that, for all practical purposes, the primary systems 
of these solution reactors have an unlimited lifetime. 


KEWB Program 


The inherent safety of the aqueous homogeneous solution- 
type reactor is due to a large negative temperature coeffi- 
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cient of reactivity, and to the formation of hydrogen and 
oxygen gases in the solution. If a large increase in power 
level should occur, these gases cause sufficient reduction in 
density so that the reactor becomes subcritical and shuts 
itself off. The reactor may also expel part of the fuel solu- 
tion into the overflow chamber with the same result. These 
safety mechanisms are independent of the mechanical con- 
trol system. 


A thorough study of these safety features has been made 
for the U.S. Atomic Energy Commission as the Kinetic 
Experiment on Water Boilers, or KEWB program. This has 
been a full-scale experimental study of the dynamic behav- 
ior of homogeneous solution-type reactors. The core and 
control system of the KEWB reactor are identical in con- 
cept to those of the 5O kw L-54. Extensive instrumentation 
is provided to measure the effects of adding excess reactiv- 
ity upon the temperature and pressure, as well as other 
physical parameters. Reactor transients are initiated either 
by withdrawing the control rods or by removing a poison 
rod from the central exposure tube. The latter is accom- 
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plished pneumatically, so that a step input may be closely 
approximated. 

The operating parameters which affect the transient 
behavior of the reactor and which have been included in the 
KEWB test program are the amount and manner of reactiv- 
ity release (step and ramp), and the initial fuel temperature, 
core pressure, and power level. Details of this work are 
included in Geneva Conference (1958) Paper No. 1079, 
“Experimental Studies of the Kinetic Behavior of Water 
Boiler Type Reactors.” 

The test results indicate that several per cent excess reac- 
tivity may be added suddenly to this type of reactor with only 
a very moderate increase in pressure and temperature; the 
reactor shuts itself down through the operation of the 
temperature and gas coefficients alone, the control system 
being held inoperative. Over 100 tests have been run 
routinely with periods of approximately two milliseconds. 
No damage has occurred to the reactor as a result of these 
transients. The total energy release is equivalent to about 
214 minutes of 50 kw operation. 

Step inputs of reactivity were systematically increased, 
and the first test core, which is spherical and designed for 
stable power operation of 50 kw, has been examined under 
conditions of 4 per cent reactivity release. This is the maxi- 
mum normally installed in such reactors. A 4 per cent 
reactivity release with the normal fuel solution volume (core 
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Figure 18. Portion of KEWB Transient Oscillograph Record 
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85 per cent full) places the reactor on a 2 millisecond 
stable period and leads to a peak power of 465 Mw. The 
same reactivity release with the core 100 per cent full 
resulted in a peak power of 700 Mw. This represents the 
fastest intentional power excursion of any thermal reactor. 
The reactivity release is more than twice that which any 
other reactor has withstood without damage. The maximum 
pressure seen in the system for 2-millisecond transients was 
a sharp pressure peak of 370 psia. This pressure is well 
below that required to cause yield of a typical water boiler 
core. 

Figure 18 shows a portion of a typical oscillograph rec- 
ord taken of a KEWB transient. This transient has a 
2-millisecond stable period, and was run with an initial core 
temperature of 25°C and a core pressure of 15 cm Hg. The 
core vessel was 85 per cent full. The three lower traces 
wére produced by one of the linear power recording sys- 
tems. The more sensitive channels have been electronically 
clipped at about 3 inches deflection to prevent the DC 
amplifier used to drive the galvanometer from becoming 
saturated. Saturation of these amplifiers makes them inop- 
erative for several seconds and would thus cause the system 
to miss the power decay. Period information for the tran- 
sient is taken from the most sensitive and from the mid- 
sensitive channels. Peak power is taken from the least 
sensitive channel and for this case was 465 Mw. 
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KEWB CORE is shown during installation with graphite 
reflector partially in position. Special instrumentation includes 
numerous pressure transducers. Note control-rod thimbles and 
all-stainless-steel construction. 


The first pressure pulse is seen by the transducer which 
is in the bottom of the core. This is a rather broad pulse 
with a maximum of 145 psi which occurs 0.6 millisecond 
after peak power. The next pressure pulse (170 psi) 
appears at the top of the sphere 1.9 milliseconds after peak 
power. Two milliseconds later we see the maximum pres- 
sure recorded for this run. It is a sharply defined peak of 
370 psi at the top of the core. This is followed by a fourth 
maximum of 230 psi at the bottom of the core, which 
occurs 9 milliseconds after peak power. 

The first pressure increase in the system is due to the 
buildup of inertial pressure in the fuel solution caused by 
the rapid evolution of radiolytic hydrogen and oxygen. The 
first sharp pulse seen at the top of the core is believed to 
result from a slapping of the fuel solution surface against 
the transducer as fuel is expelled to the overflow chamber. 
The second pulses at the top and bottom of the core are 
probably due to a pressure wave generated when the rising 
fuel is confined to the 2-inch opening to the overflow 
chamber. (No sharp pulses are seen when the core is 100 
per cent full. ) 

It is interesting to note that peak power occurs before the 
first pressure maximum is seen on the top transducer. This 
indicates that the mechanism responsible for the rapid 
shutdown of the reactor acts before the fuel-solution level 
has risen the one inch necessary to strike the top transducer. 
This rapid shutdown is due to the negative reactivity effect 
of small hydrogen and oxygen bubbles formed by the radio- 
lytic decomposition of water. 
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Solution-type research reactors have a longer history of 
operation than any other type research reactor utilizing 
enriched fuel. They have proved capable of operation at 
power levels of at least 50 kw. A wide variety of experimental 
facilities can be incorporated into the reactor design, includ- 
ing unique neutron-free sources of gamma radiation. The 
reactors are relatively inexpensive to install and can be 
maintained by a minimum operating staff. There are no 
problems associated with fuel replenishment because of the 
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very low burnup. The initial fuel charge lasts the life of the 
reactor. 

The homogeneous solution-type research reactor has been 
experimentally proved to be among the safest of all types 
of reactors now in use. This permits the installation of these 
units with a minimum of expense at locations in densely 
populated areas. In the lower power versions, they are 
ideally suited for training purposes because of the very 
effective safety mechanism inherent in this type reactor. 
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